We consider a closed odd-dimensional oriented manifold M together with an acyclic flat hermitean vector bundle F. We form the trivial fibre bundle with fibre M over the manifold of all Riemannian metrics on M . It has a natural flat connection and a vertical Riemannian metric. The higher analytic torsion form of Bismut/Lott associated to the situation is invariant with respect to the connected component of the identity of the diffeomorphism group of M . Using that the space of Riemannian metrics is contractible we define continuous cohomology classes of the diffeomorphism group and its Lie algebra. For the circle we compute this classes in degree 2 and show that the group cohomology class is non-trivial, while the Lie algebra cohomology class vanishes.
By Dif f (M) 0 we denote the connected component of the identity of Dif f(M).
Let F → M be a flat hermitan vector bundle. By Dif f(M, F ) we denote the group of its automorphisms. Dif f(M, F ) is again a Fréchet Lie group, and we denote by Dif f (M, F ) 0 its connected component of the identity. There is a natural surjection q F : Dif f(M, F ) 0 → Dif f(M) 0 .
Assumption 1.1 We assume that F is acyclic, i.e., that H * (M, F ) = 0, where F is the sheaf of parallel sections of F .
We are going to define a closed and Dif f(M) 0 -invariant form 2
We identify T g Met(M) ∼ = C ∞ (M, S 2 T * M) in the natural way. Then we define S ∈ Hom(T g Met(M), End(Ω * (M, F ))) by S(h) := h(e i , e j )c(e i )ĉ(e j ), h ∈ T g Met(M) ,
where {e i } denotes a local orthonormal frame on M.
We put A k := Hom(Λ k T g Met(M), End(Ω * (M, F ))) and A := ⊕ k A k . Then there is a natural product A k ⊗ A l → A k+l .
For t > 0 we define
By N ∈ A 0 we denote the Z-grading on Ω * (M, F ). We have D 2 t := −t∆(mod A >0 ), where ∆ is the Laplacian on Ω * (M, F ) defined with the Riemannian metric g. Hence for any i ∈ N and for t > 0 the term [(1 + 2D
i has values in the trace class operators on Ω(M, F ).
Proof. We show how this can be deduced from the results of [1] by specialization. We consider the trivial fibre bundle p : E := Met(M) × M → Met(M). Let q : E → M denote the projection onto the second factor. Then q * F → E is a flat hermitean vector bundle over E. We choose the tautological vertical Riemannian metric on E such that the fibre E g carries the metric g ∈ Met(M). There is a natural choice of a horizontal distribution T H E → E given by the kernel of dq.
The tensor T given in [1] , (3.11), vanishes since T H E is integrable. Since q * F is flat as a hermitean vector bundle the tensor ψ introduced in [1] , (d), vanishes, too. The symmetric tensor ω αkj defined in [1] , (3.21), is can be identified with the linear map h ∈ T g Met(M) → ω(h) ij = h(e i , e j ). Thus D 1 coincides with 2X defined in [1] , (3.41). One can now check that D t is just twice the operator given in [1] , (3.50).
Convergence of the integral (2) follows from [1] , Thm. 3.21. By [1] , Cor. 3.25 the form T is closed. 2
, and thus on E such that the projections p, q are equivariant. Since q is equivariant, the horizontal distribution T H E is Dif f(M, F ) 0 invariant. The tautological vertical Riemannian metric is invariant with respect to Dif f(M, F ) 0 , too. Now Dif f (M, F ) 0 acts on q * F → E by automorphisms of flat hermitean vector bundles.
Since all structures used to define T are Dif f(M, F ) 0 -invariant, we conclude that T is invariant with respect to Dif f(M, F ) 0 , too (compare [1] . Thm. A 1.1). Since
be the space of real alternating group p-cochains, and let d :
We have by Stokes Lemma
Lemma 2.2 h T does not depend on the choice of the base point g b .
Proof. Let g ′ b ∈ Met(M) be another base point and c 
Definition 2.3
In the special case that T is the higher analytic torsion form associated to the closed odd-dimensional oriented manifold M and the acyclic locally constant sheaf of Hilbert spaces F defined in Section 1 we denote the class h T by T (M, F ).
3 Lie algebra cohomology classes of X (M )
, R) denote the complex of continuous Lie algebra cochains with differential d (see [4] , Ch.
1.3). There is a natural map of cochain complexes
If X ∈ X (M), then we define
Lemma 3.1 Let T be a closed p-form on Met(M). We have
Proof. We have
This implies the Lemma. 2
Computations for the circle
In this section we explicitly compute
and F is a locally constant sheaf of one-dimensional Hilbert spaces with non-trivial holonomy.
We identify S 1 ∼ = R/Z. Let F be the flat hermitean vector bundle associated to F . Up to isomorphism F is determined by its holonomy e 2πıa , a ∈ [0, 1). If a ∈ (0, 1), then F is acyclic.
We make the identification Ω p (S 1 , F ) ∼ = {f ∈ C ∞ (R) | f (x + 1) = e 2πıa f (x)} := H for p = 0, 1 using the form dx in the case p = 1. We further identify C ∞ (S 1 , S 2 T * S 1 ) with C ∞ (S 1 ) using the metric dx 2 .
Let g b be the standard metric dx 2 on S 1 of volume 1. Then w(Dif f(
, where Met 1 (S 1 ) = {g ∈ Met(S 1 ) | vol g (S 1 ) = 1}. In order to compute the restriction of T to Met 1 (S 1 ) it is therefore sufficient to compute T (dx 2 ).
In the following we fix the metric dx 2 . We put i := i(∂ x ), e := e(∂ x ) = dx∧. Then 7 c = e − i,ĉ = e + i, and cĉ = −z, where z is the Z 2 -grading of Ω * (S 1 , F ).
Let V ⊂ T dx 2 Met(S 1 ) be a finite-dimensional subspace and Gr(V * ) be the Grassmann algebra generated by V * . Then Gr(V * ) is a Z-graded algebra, and we denote by Gr(V * ) p the subspace of elements of degree p. We choose a base {h α } of V and let {E α } denote the dual base. Then we define
acts as multiplication operator on H, and {E
The operator D corresponds to D 1 in (1) under the identifications above. We obtain D t by rescaling. For t > 0 let Ψ t : V → V be multiplication by
be the induced automorphism. Then we have
We have
We can write Tr s N(1 + 2D 
where the operator in the last line acts on H.
2πıαx . Let V be spanned by a finite number of these h α . Then we
We conclude that if α + β = 0, then
We conclude
Since E α E −α = −E −α E α we obtain by some resummation
Using
we obtain
We employ
in order to write
Integrating from 0 to ∞ with respect to t and substituting t = m 2 /z we obtain
Note that
2πıxk dx 2 . By Lemma 3.1 and 4.1 we have
We conclude that
Thus we have shown the following
Finally we compute T 2 (S 1 , F ) ∈ H We determine the constant c using the identity w(T 2 (S 1 , F )) = cv(δ). By [4] , Thm. 3.4.3., there is a unique sheet of Arg such that c ′ : SL(2, R) × SL(2, R) → R given by c ′ (g, h) :=
